Sixty-seven mouse embryos from 10 litters collected on the morning of Day 9 of gestation, when neurulation is beginning, were classified according to the precise stage of development reached, and sex-chromatin analysis was performed on the yolk sac. Within litters, the least developed embryos were more likely to be female than male, while the most advanced embryos were predominantly male. Taking all embryos, the mean somite number was greater in males than females.
Introduction
In polytocous species such as the mouse, it is recognized that in early embryos, within litters, there is variation in the stage of development reached at any one time. Several factors could account for this, including the time after ovulation at which fertilization occurs, rate of oviducal transport and time of onset of blastocyst implantation, as well as individual variation in the rate of cleavage. Hafez (1962) using rabbits and Gates (1965) using mice identified what they termed fastand sl ow\x=req-\ cleaving early embryos from within litters and separately transplanted them into foster mothers. The former gave more offspring, and so were considered to be more viable than the latter. Tsunoda et al. (1985) in a similar experiment in mice found altered sex ratios in the two groups, fast cleavers having an excess of males, and slow cleavers more females.
Because of an interest in neural tube defects in man, a developmental abnormality which affects females more often, and more severely, than males, we have examined litters of mouse embryos around the time of neurulation to see whether there is a sex difference in the developmental stage reached.
Materials and Methods
Male and female CBA/Gr-ct/ct mice were mated overnight and checked each morning for vaginal plugs. The curly tail mutation produces spina bifida or a curled tail in about 60% of the offspring (Gr\l=u"\neberg,1954; Embury et al., 1979) . On the morning of Day 9 of pregnancy (day of vaginal plug = Day 1), the females were killed. The conceptuses were removed from the uterus and each was placed in its own numbered watchglass in Medium TC199 with Hepes (Flow Laboratories, Rickmansworth, Herts WD3 1PQ, U.K.), and treated separately throughout. Under the binocular microscope each embryo was carefully dissected from its membranes and set aside, and the yolk sac isolated. The developmental stage of the embryo was assessed by counting the number of somites and also by making a sketch of it. The yolk sac was fixed and processed for sex chromatin analysis by the method of Evans et al. (1972) . The slide preparations were stained with orcein, coded and scored on two separate occasions for the presence or absence of a sex chromatin mass on the nuclear membrane. Embryos for which 40% or more of the cells appeared sex-chromatin positive were regarded as female and those for which <5% of the cells were recorded as positive were scored as male.
Separately, and before the results of the sex chromatin analysis were known, the individuals of each litter of embryos were arranged in ascending order of developmental maturity. They were then separated into three groups\p=m-\the least mature developmental stage reached, the most advanced stage reached and intermediate stages. In some litters, a single embryo was at either extreme of development, while in others, there were two or more which were equally the least, or the most, mature. The relative number of males and females in each group was determined and compared. Finally, the mean somite number of all males and females in the study was calculated and compared. Statistical analysis of results was performed using a 2 test on actual numbers obtained.
Results
There were 10 litters from which 67 embryos were obtained. Individual litter sizes range from 3 to 10 (Table 1 ). In addition, there were 3 empty gestational sacs. Table 1 also shows that there was a range of developmental stages within litters, from a minimum difference of 4 somites and a maximum difference of 10 somites between the least and most developed. When the embryos were classified according to their maturity (Table 2) , 12/16 (75%) of the least developed were female, while only 1/18 (5-5%) of the most advanced were female. Females com¬ prised 18/33 (55%) of the intermediate group. Overall, 31/67 (46%) of the total embryos were female. The shift towards females in the least mature group, and away from females in the most mature group was statistically significant when compared with all females in the study ( 2 = 4-27, 1 d.f., < 005 for the least developed, 2 = 1002,1 d.f., < 0005 for the most mature). That for the intermediate group was not significantly different ( 2 = 0-70, 1 d.f., > 0-3).
One litter was excluded from the somite analysis because all of the embryos were at the presomite stage. In the remaining 9 litters, the average somite number for male embryos was 6-2 (range 0-12) and that for females was 3-7 (range 0-8). 
Discussion
In the mice investigated in this study, it was found that on Day 9 of gestation, when neurulation and somite formation are beginning, there is a range of developmental stages within litters, and there is a sex difference in the stage attained. Females are less developed on the whole and males are more developed. On average at this time, males have two somites more than females.
Since the mice used in the study bear a particular mutation which predisposes to neural tube defects, it is possible that the findings represent an effect of the gene. However, the same sexual inequality in developmental speed has been observed using other methods in another strain of mice, at the blastocyst stage (Tsunoda et ai, 1985) and by implication in rats later, on Day 12, when male embryos weighed more than females and had a greater absolute protein content (Scott & Holson, 1977) . Moreover, P. Burgoyne (personal communication) has observed that male and female mouse embryos start cleaving at the same time, but by the blastocyst stage males are more advanced than females.
The rate of preimplantation development in the mouse is governed by genes both within the H-2 complex and located elsewhere. Alíeles of an H-2-associated gene produce either fast or slow development (Goldbard & Warner, 1982) , but transfer of the gene to different genetic backgrounds shows that its expression is modified by other genes in the genome. The sex effect on the speed of development observed in the present study and by others appears to be over and above this, because the sex effect occurs within litters and the other genetic effect occurs between litters. The fact that the sex effect is manifest before gonadal differentiation suggests the possibility of sex-linked genes controlling the rate of cell division.
It has long been known that many of the common congenital abnormalities in man, like neural tube defects and cleft lip and palate, have a preponderance in one sex or the other. This has been a source of puzzlement since organogénesis largely precedes gonadogenesis. The present findings suggest a possible mechanism since they show that there is an observable sexual difference at the time of organogénesis. The aetiology of most of the human congenital malformations is multifactorial with genetic and environmental factors contributing to the cause. If males are developing quicker than females, they will be exposed to the environmental influence for a shorter time than females and so a differential effect between the sexes could result, producing malformations in females rather than males. The present work suggests that at least one route whereby the genetic component exerts its effect on malformations could be through regulating the speed of cleavage and early embryonic development.
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